between planktonic and benthic foraminiferal carbonates (Afi13Cp_B) was interpreted to record the intensity of biological productivity via the preferential drawdown of 12CO2 relative to 13CO2 [Broecker, 1982; Shackleton et al., 1983; Shackleton and Pisias, 1985] . Because the AS13Cp_ B proxy reconstructs the 13C gradient within the water column, it gives important insights into the internal circulation of ocean. More recently, a class of paleo-PCO2 indicators has been developed to estimate concentratiofis of dissolved CO 2 (--c e, where the subscript e specifies the concentration external to a photosynthetic cell) in preexisting surface waters. On the basis of the carbon isotopic fractionation caused by photosynthetic fixation of CO2 (--•;p), these PCO2 proxies have been developed using bulk organic caxbon from sediments [Arthur et al., 1985] and the contemporary water column [Rau et al., 1991 [Rau et al., , 1992 Ice cores record the composition of palcoatmospheric gases in ice-entrapped vesicles, whereas the oep method derives its signal from the •3C of biogenic components from the oceanic water column as recovered from deep-sea sediment cores. Each of these techniques has a characteristic spatial scale of relevance. Ice cores provide global records because of rapid atmospheric circulation mixing. Provided that factors regulating carbon demand (discussed below) are relatively constant, the •p method provides a record of c e at a particular site and at the depth at which the C-fixing organisms grew. Applying the ep method in oceanic regions that approach airsea equilibrium for CO 2 allows estimation of palcoatmospheric pCO 2, but only if the producers of whatever biomarkers were employed recorded conditions at the sea surface. Accordingly, more must be learned about the depth habitats of the organisms that produce estimators of •p. In areas of air-sea disequilibrium, sources and sinks for CO 2 can be delineated provided that atmospheric pCO 2 is known. To a first approximation, the disequilibrium can then be accounted for in terms of the balance of palcocirculation (c e and nutrient upwelling), palcoproductivity (drawdown of Ce), and the kinetics of air-sea exchange of CO2.
In the present study a record of •p has been based on isotopic differences between an n-C37 alkadienone synthesized by prymnesiophyte algae and carbonate tests of planktonic foraminifera (N. dutertrei). Isotopic analysis of: the alkenone allows estimation of the •3C of prymnesiophyte biomass, while that of the foraminiferan monitors, with allowance for equilibrium fractionations and vital effects, the •13C of dissolved CO 2. Our purpose has been to develop a record of CO 2 levels in a central equatorial Pacific upwelling region. From the outset we follow Skirrow [1975] in using PCO2 to denote equilibrium partial pressures calculated from concentrations of dissolved CO2 via Henry's law and pCO 2 to denote the partial pressure of CO2 in a given atmosphere, a parameter presumably monitored directly by ice core records [e.g., Barnola et al., 1987; Jouzel et al., 1993] . This site was chosen to monitor variations in paleoceanic PCO 2 in the equatorial Pacific cold tongue, currently a zone of upwelling with high equilibrium PCO2 relative to the overlying atmosphere [Volk and Bacastow, 1989; Tans et al., 1990] . We seek to test the hypothesis that glacial to interglacial changes in oceanic circulation or productivity in this upwelling zone contributed to late Quaternary variations in paleoceanic PCO 2 and, perhaps, palcoatmospheric pCO 2. The sediments are composed primarily of calcite with minor amounts of opal and minimal continental debris, characteristic of sediments throughout the abyssal plain of the central equatorial Pacific [Lyle et al., 1988 ]. An initial age scale for this core was assigned by oxygen isotope stratigraphy using Globoratalia turnida [Murray, 1987] [Fluegge, 1994] , coincident with the depth of the maximum vertical density contrast in the pycnocline [Levitus, 1982] .
Samples and Methods

Site
Foraminiferal carbonates were analyzed at Oregon State University using a Finnigan-MAT 251 dual-inlet mass spectrometer equipped with an AutoprepSystems carbonate device. In this system, CO 2 is prepared by reaction of carbonates with -100% phosphoric acid at 90øC. . With these samples from a core from an area with a relatively low sedimentation rate, we cannot address the possibility of high-frequency variations in CO2 that have been detected in ice cores [Stauffer et al., 1984] .
Analyses. Fractions for gas chromatographic analysis were isolated at Oregon State University using previously described liquid chromatographic methods [Prahl et al., 1989 ].
The precision of measurement of U3• corresponds to an accuracy of +0.5øC in temperature [Prahl et al., 1989] . Selected fractions were analyzed by electron-impact (70 eV) gas chromatography-mass spectrometry to confirm the presence of the alkenones and the absence of interfering compounds.
The carbon isotopic composition of heptatriconta-15,22-dien-2-one, the major C37 alkadienone [de Leeuw et al., 1980] henceforth noted as C37:2, was determined by isotope-ratiomonitoring gas chromatography-mass spectrometry (irmGCMS) [ Prior to carbon isotopic analysis, each alkenone fraction was screened to determine whether significant quantities of methylhexatriaconta-14,21-dienoate [Prahl eta/., 1988] were present. This compound, henceforth noted as C36me, co-elutes with C37:2 and, if not removed, can lead to inaccurate analyses. Accordingly, if preliminary gas chromatographic analyses revealed concentrations of C36me exceeding 3% of that of C37:2, the alkenone-containing fraction was saponified to allow removal of the interfering ester. Saponification and purification of alkenone fractions. Extracts containing unresolved alkenoates were transferred in hexane to a 1.0-mL conical reaction vial, and the hexane was evaporated using a stream of N 2 gas. A 0.3-mL aliquot of 0.5 N KOH in CH3OH/H20 (95/5, v/v) was added, the vial was tightly capped, and the solution was vortex-mixed for 30 seconds prior to heating at 95øC for 2 hours. The mixture was cooled to room temperature and extracted with hexane (3 x 0.5 mL). The extracts were combined and the solvent evaporated. A purified alkenone fraction was recovered by eluting the extract with solvents of increasing polarity (nhexane to methylene chloride) through a column of silica gel (1 g, 5% deactivated 100-200 mesh, Mallincla'odt Company) topped with -0.5 g of anhydrous Na2SO4.
Calculations
The measurable isotopic difference, that between alkenones and foraminiferal calcite, incorporates contributions associated with (1) the exchange of C between carbonate minerals and dissolved CO 2, (2) the assimilation and photosynthetic reduction of CO 2 (i.e., "fixation") to provide the first intracellular organic product, and (3) the biosynthesis of alkenones. Only for the second of these processes is isotopic fractionation thought to depend on c e, and the definition of •p (equation (4), below) associates it specifically Further points are best considered after introduction of the quantitative framework, which is outlined in Figure 3 is based on a single culture experiment, it is typical of the isotopic difference observed between the biomass and extractable lipids of marine plankton [Degens et al., 1968] . Revisions of this value are, therefore, not likely to be large. Any that were made would have the effect of repartitioning the total isotopic fracti•nation (i.e., between the separate processes of C-fixation and biosynthesis) but, for the reasons noted above, would not affect estimates of PCO 2.
• p: the isotopic fractionation accompanying photosynthetic fixation of carbon.
• timescale is straightforward ( Table 2) As indicated by the discussion leading to (11), the slope of the I•p versus 1/c e line will be controlled by magnitudes of isotope effects and by physiological factors that affect •. Concentrations of dissolved CO 2 can be estimated using (11) with a = 279'00 and b = 130%o I. tM (i.e., the "nominal" line derived in the preceding discussion). Numerical values are reported in Table 3 . Then, application of (8) together with the alkenone-based temperature record summarized in Fig. 5b yields the estimated PCO2 record shown in Table 3 The weak positive correlation between ApCO 2 and carbonate/opal ratios could imply higher proportions of carbonate carbon in the biological carbon export during glacial time. Increasing the carbonate-to-organic carbon ratio in exported detritus would consume alkalinity and thus increase the CO2(aq) and PCO 2 of upper ocean water [Broecker and Peng, 1982, 1989; Dymond and Lyle, 1985] . Whether the high carbonate contents of glacial sediments in the equatorial Pacific reflect changes in preservation or in productivity has long been debated [Arrhenius, 1952; Berger, 1973 
